The diagnosis of subglottic stenosis (SGS) is usually made by clinical assessment and definitively by a direct endoscopic examination. This study aimed to evaluate different spirometric values in relation to anatomical grading and severity of subglottic stenosis cases of upper airway obstruction. Cases of SGS that underwent dilatational procedures endoscopically at the otolaryngology department of the King Saud University Medical City, Riyadh, Saudi Arabia, from June 2015 to October 2017 were collected. Pulmonary function test (PFT) pre-and postoperative parameters and the grades of subglottic stenosis were extracted. We compared different spirometric values to the severity of SGS and compared the pre-and postoperative results for each patient. There were 19 cases with a valid PFT study within 7 days preoperatively in addition to a documented intraoperative grading according to the Myer-Cotton grading system; 7 (36.8%) were grade 1, 8 (42.1%) were grade 2, and 4 (21.1%) were grade 3. The actual preoperative ratio of forced expiratory volume (FEV 1 ) in 1 second to peak expiratory flow (PEF) for all 19 patients ranged from 7.34 to 21.40 mL/L/min. We found a significant improvement in all spirometric parameters postdilatation including PEF (P < .001), FEV 1 (P < .001), FEV 1 /PEF (P ¼ .001), forced expiratory flow (FEF) from 25%, 50%, and 75% of vital capacity, respectively, FEF 25 (P < .001), FEF 50 (P ¼ .001), FEF 75 (P ¼ .048), and maximum mid-expiratory flow (P ¼ .002). We did not find any correlation between the severity of stenosis and spirometric values. This study revealed that spirometry is a useful marker in following up patients with subglottic stenosis and is also a good indicator to determine postairway surgery outcomes. However, these markers do not correlate with anatomical grading and the severity of subglottic stenosis.
Introduction
Subglottic stenosis (SGS) is defined as narrowing of the airway below the vocal folds extending to the lower border of the cricoid cartilage. Subglottic stenosis could be a congenital or an acquired condition. Acquired subglottic stenosis is the most frequent cause and is usually secondary to intubation injury. 1 Subglottic stenosis can be caused by a variety of systemic and autoimmune diseases and can be idiopathic in the absence of a clearly defined cause. The diagnosis of SGS usually is made by history and clinical examination and a definitive diagnosis can be confirmed by direct endoscopic examination of the airway. The most widely used grading system for a diagnosis of SGS is the Myer-Cotton grading scale. 2 In this system, grade 1 stenosis is a lumen obstruction <50%; grades 2 and 3 SGS are lumen obstructions 51% to 70% and 71% to 99%, respectively; and grade 4 is a complete luminal obstruction. The management of SGS includes endoscopic dilatation, laryngo-tracheal reconstruction, and crico-tracheal resection. Endoscopic approaches are used as a primary modality of treatment or as an adjuvant modality before and after open airway procedures. These approaches also reduce the need of open airway surgery by much as 80%. 3 In contrast, patients with firm or mature scar tissue, cartilaginous airway narrowing, and structural problems of the airway exoskeleton (eg, subglottic lateral shelves and missing cartilage) are less likely to respond to endoscopic approaches. 4 Pulmonary function tests (PFTs) and particularly, spirometry has been used to assess both upper and lower airway conditions. In the early 1970s, Miller and Hyatt 5 and Yernault et al 6 first proposed diagnostic criteria of upper airway obstruction (UAO). They described 3 distinct patterns. Flattening of the expiratory limb suggested variable intrathoracic obstruction; flattening of the inspiratory limb suggested variable extrathoracic obstruction; and flattening of both limbs suggested a fixed airway obstruction. 7 The flow-volume loop indicates the functional (rather than anatomic) severity of the obstruction. Despite this limitation, spirometry is simple and readily available; therefore, the flow-volume loop is useful if an upper airway lesion is suspected. 8, 9 Since then, many authors have proposed qualitative or quantitative criteria for diagnosing UAO. In 1972, Empey used forced expiratory volume in 1 second divided by peak expiratory flow rate (FEV 1 / PEFR) and found the ratio to be significantly higher in different cases of UAO in comparison to controlled and lower airway obstruction groups. 10 In this study, our main goal was to evaluate different spirometric values and ratios in correlation to anatomical grading and severity of pure subglottic stenosis cases and to evaluate the value of spirometry in following up our patients after airway surgery to measure the outcomes and the recurrence based on spirometric parameters.
Patients and Methods
This study was conducted at the ENT and clinical physiology departments of the King Saud University Medical City after getting approval for this research from our hospital's institutional review board. We collected all subglottic stenosis cases who underwent balloon dilatation as the primary treatment or as an adjuvant procedure to an open airway procedure during the period from June 2015 to October 2017. We included all patients with isolated SGS who underwent airway surgery with documented grading of stenosis by grade 1 to grade 3 according to the Myer-Cotton grading system and who had pre-and postoperative spirometric parameters. We excluded any cases with multilevel airway stenosis and those with non-complete documentation and those who missed follow-up in our clinic. We excluded as well any patients with suspicious of unreliable spirometric results (eg, patients with inappropriate level of cognitive ability or pediatric patients) and smokers or those with lung diseases (eg, asthma, chronic obstructive lung diseases, chronic obstructive pulmonary disease). Pre-and postoperative spirometric parameters were extracted in addition to the grade of subglottic stenosis. We compared different spirometric values and ratios to the severity of SGS to determine whether any value or ratio had any interesting correlation with the severity of the stenosis. We also compared the pre-and postoperative spirometric results for each patient.
The data were analyzed using the SPSS (Armonk, New York) software, version 21. Pearson correlation coefficients were used to examine the correlation of spirometry values and disease severity. Pre-and postairway surgery variables were tested with a paired sample t test. The level of significance was set at P value <.05.
Results
There were 48 cases of isolated subglottic stenosis in the period of our study. Nineteen cases had a valid spirometric study within 7 days preoperatively in addition to a documented intra-operative grading according to the Myer-Cotton grading system. Of these 19 patients, 7 patients were grade 1, 8 were grade 2, and the remaining 4 patients were grade 3. The actual Empey indexes (FEV 1 /PEF) for all 19 patients ranged from 7.34 to 21.4 mL/L/min. For grade 1, the mean Empey index was 14.915 mL/L/min. For the grade 2 group, the mean was 11.72 mL/L/min and the mean was 10.92 mL/L/min for the grade 3 group. The PEF mean for the grade 1 group was 1.61 L/sec, for the grade 2 group was 2.34 L/sec, and for the grade 3 group was 3.28 L/sec. The actual Empey:predicted Empey ratio was calculated in each sample, and the mean for the grade 1 group was 2.05, for the grade 2 group was 1.95 and for the grade 3 group was 1.48. The ratio of actual:predicted PEF for the grade 1 group was 29.18, 39.3 for the grade 2 group and 28.2 for the grade 3 group (Table 1) .
Twelve of our cases had valid spirometry tests in the preand postoperative periods with an intraoperative grading of the SGS. For these samples, we were able to compare the outcomes of our surgeries based on spirometric parameters. We compared the pre-operative to the postoperative spirometric results for each sample. We observed that there was a significant improvement in all flow volume loop parameters including (PEF, FEV 1 Table 2 ).
Nine of 19 patients had a tracheostomy tube in place. The spirometry test was done by either capping the tube or sealing the tracheostoma by adhesive dressing. When we excluded those patients with tracheostomy tube (to eliminate any possible effect of the tube on the results), the result showed the same findings. No correlation between the degree of stenosis and the spirometric parameters was found. The mean FEV1/PEF was 13.77, 12, and 9 for grades 1, 2, and 3, respectively, for samples without a tracheostomy tube.
Discussion
The interest in using spirometric parameters as an objective diagnostic tool for UAO began around 1970. 5 Empey used the FEV 1 /PEF ratio as an indicator for UAO. In 1972, he published a study on 18 cases of UAO and compared them to 10 normal participants, 26 patients with lower airway obstruction, and 11 patients with restrictive lung diseases. 10 He found that the FEV 1 /PEF ratio was above 10 (mL/L/min) in the group of UAO. That ratio was higher in cases of UAO compared to other groups with a ratio of less than 10 mL/L/min. He suggested that, the FEV1 will change in presence of both upper and lower airway obstruction and because it is less dependent on effort and upper airway resistance, in the presence of UAO the reduction in PEFR will be higher than reduction in FEV1. That will give higher ratio of FEV1/PEFR. 10 However, in his study, there was a high heterogeneity of samples in the UAO group, with vocal cord paralysis being the most common.
Miller and Hyatt 5 and Hyatt 11 established the use of flowvolume loops in the diagnosis of UAO over 40 years ago. Previous studies established spirometry as a quantitative tool to diagnose UAO, suggesting that UAO can be diagnosed by some spirometric ratios such as the following: (1) FEV 1 /PEFR 10 mL/L/min, (2) Forced Inspiratory Flow (FIF) 50 % 100 L/min, (3) FEF 50 %/FIF 50 % 1, and (4) FEV 1 /FEV 0.5 1.5.
10,12 Soldatova et al 13 have used spirometric parameters to differentiate paradoxical vocal fold movement disorders from SGS groups, and the FEV 1 /PEF ratio was significantly higher in the SGS group.
In our study, all SGS grades have a (FEV 1 /PEF) ratio >10 (14.915, 11.72, and 10.92 for grades 1, 2, and 3, respectively). We noticed that this ratio (FEV 1 /PEF) did not correlate with the anatomical severity of the stenosis in terms of grading according to the Myer-Cotton grading system. However, the ratio was higher than 10 mL/L/min in the all 3 grades, giving similar findings to those mentioned by Empey. Therefore, this ratio can help in diagnosis but does not relate to the severity of the stenosis. 10 Moreover, other spirometric ratios and parameters (actual PEF, actual FEV 1 , actual:predicted PEF, and actual:-predicted FEV 1 ) did not correlate with the grading of SGS.
Approximately half of our sample population had a tracheostomy tube in place (n ¼ 9). In such cases, we performed spirometry with a capped tube or with a sealed tracheostoma with adhesive dressing. We think that the parameters will reflect the most narrowed part of airway despite the presence of capped tube. Even when we excluded those patients with tracheostomy tube (to eliminate any possible effect of the tube on the results), the result showed the same findings-no correlation between the degree of stenosis and the spirometric parameters. The mean FEV1/PEF was 13.77, 12, and 9 for grades 1, 2, and 3, respectively, for samples without a tracheostomy tube.
In our knowledge, this study is the first trial to study the correlation between the Myer-Cotton SGS grades and the spirometric parameters. Even though, we could not establish any correlations between spirometry and endoscopic grading of severity. The mismatch between the flow-volume loop results and the intraoperative grading can be explained by many factors. First, the spirometry exam is patient dependent and force dependent. Cooperation and proper execution are highly crucial in this exam. Second, the stenosis is a functional issue more than an anatomical issue. For example, the clinical presentation and tolerance of capping can vary between the 2 patients with the same grade and percentage of obstruction. A third explanation is the change of airway intra-luminal pressure being positive during expiration, which causes a wider airway caliber than during inspiration with negative intraluminal pressure. A possible fourth explanation could be the variation in lung capacities that could exist between the samples, which can give different values even with same anatomical degree of obstruction.
In a single case report of acquired SGS, Tasche et al 14 reported that low-peak inspiratory flow corresponded with worsening of the airway obstruction. Some authors have used spirometric values as a noninvasive measurement in UAO to measure the outcomes of balloon dilatation and following the patients to determine the need for surgical intervention.
15 Nouraei et al 16 found a significant correlation between EDI (FEV 1 /PEF) and the severity of anatomical stenosis. In that study, there were overlaps between anatomic disease severity and Expiratory Disproportion Index (EDI) values and heterogeneity of the samples with UAO.
In our study, there were significant changes in all indexes and ratios (FEV 1 /PEF, FEV 1 , PEF, FEF 25 , 50 , 75 , and MMEF) after airway interventions (balloon dilatation). This change could be utilized as a noninvasive measurement to monitor the patients and to counsel the patients for the need for reintervention. The limitations of our study included the relatively small sample size, which can be excused by the rarity of cases with pure subglottic stenosis without glottis or tracheal extension. And the possible effect of tracheostomy tube on the result of some spirometric parameters. Large-scale studies are required to explore further relationships of anatomical grades with PFTs.
In conclusion, spirometry is a useful marker in following patients with subglottic stenosis and is also a good indicator to determine postairway surgery outcomes. However, spirometric values did not correlate with anatomical grading and the severity of subglottic stenosis.
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